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Several studies report caesarean section (CS) to bea risk factor for childhood asthma. We used data
from a large cohort of 5-year-old twins to examine
the relationship between mode of birth delivery and
asthma. The extent to which an infant is exposed to
maternal vaginal flora may protect against the risk of
developing asthma. Therefore, we expect a lower
rate of asthma in twins born by vaginal delivery (VD)
than those born by CS, and a lower rate of asthma 
in first-born twins compared to second-born twins 
by VD. Information on mode of delivery was
obtained at the time of birth in a survey completed
by the mother shortly after delivery. Information on
history of asthma diagnosis by a physician was
obtained by parental report when the twins were 5
years old. Complete data were available for 6330
first-born and 5438 second-born twins from birth
cohorts 1991–2000. Full term first-born twins born
by CS had a significantly higher risk of asthma com-
pared to those born by VD, odds ratio = 1.59
(95% CI = 1.23–2.06). No significant differences were
observed between CS and VD first-born twins when
gestational age was less than 37 weeks, and no sig-
nificant differences were observed between CS and
VD second-born twins at any gestational age. No dif-
ferences in asthma prevalence were found between
first- and second-born twins both born by VD. CS
may increase the risk of asthma to full term infants,
however, the underlying mechanism is unclear.
Several studies have examined the relation between
caesarean section (CS) and asthma and associated
allergic conditions. The results of these studies have
been inconsistent. Some studies reported an increased
risk of around 1.20 for asthma in children born after
CS (Hakansson & Kallen, 2003; Kero et al., 2002;
Laubereau et al., 2004; Salam et al., 2006), while
others found no increased risk (Juhn et al., 2005;
Maitra et al., 2004; McKeever et al., 2002; Werner 
et al., 2007; Xu et al., 2001). The largest effect was
obtained by Xu et al. (2001), who reported an OR 
of 3.23.
In the present study we use twins as a unique pop-
ulation to examine the relationship between mode of
birth delivery and risk of asthma. Using data from
twins may clarify the role of contact with maternal
vaginal flora on asthma risk.
In our study we assume that first and second-born
twins have a different degree of contact with maternal
vaginal flora. This assumption is based on the results
of a twin study on mother-to-infant transmission of the
human immunodeficiency virus (HIV-1), where
Goedert et al. (1991) found that first-born twins had a
higher risk of infection than second-born twins after
vaginal delivery (VD), but not after CS. They suggested
that the first twin has greater exposure to secretions
and blood compared to the second-born twin. Thus, if
exposure to birth canal products plays an important
role in triggering the initial bacterial colonization, and
the subsequent development of the immune system, we
expect to find a lower prevalence of asthma in VD
first-born twins compared to VD second-born twins.
Also, we expect that the prevalence of asthma will be
higher in children born after CS compared to those
born after VD, and that this difference will be greater
in first-born than in second-born twins.
Methods
Participants and Measures
The data on birth delivery and asthma in twins come
from a longitudinal study, which was designed to
examine the genetic and environmental influences on
the development of behavioral and emotional prob-
lems in twins from birth onwards. The twins’
families are volunteer members of the Netherlands
Twin Register (NTR), which is maintained by the
Department of Biological Psychology at VU
University in Amsterdam (Bartels et al., 2007;
Boomsma et al., 2002, 2006). The NTR recruits
families with twins a few months after birth. Around
40% of all multiple births in The Netherlands are
registered by the NTR. For the present study, data
included were obtained by surveys mailed to parents
of twins at ages 1, 2, and 5 years.
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Shortly after registration of their newborn twins,
mothers receive the first survey in which they are
asked to report on mode of delivery, age at birth, ges-
tational age, birthweight, birth order, sex of twins,
and smoking behavior of both parents during preg-
nancy. On average, the mothers send this survey back
within the first year after birth (mean age of twins =
8.4 months; SD = 13.85). Information on birth deliv-
ery mode was available for twins born after 1990.
When the twins are 5 years old, the parents are
asked to report (yes/no) whether a physician had diag-
nosed asthma (van Beijsterveldt & Boomsma, 2007b).
From the same survey, information was obtained on
current parental smoking, and the number of older
siblings in the family. There were data for 9724 twin
pairs with survey data at ages 1 and 5. Information on
breastfeeding was obtained from survey data collected
around the second birthday (Orlebeke et al., 1995).
We excluded data from twins who were born after
vacuum/forceps delivery and twins born by VD in
breech presentation (1772 first-born twins and 2685
second-born twins). Twins who were in breech presen-
tation, but who were born by CS were included in the
study. Twins with missing covariate information were
excluded from the analyses. The final sample included
6330 first-born twins and 5438 second-born twins
from birth cohorts 1991–2000.
Analyses
Comparisons of the characteristics between the CS
and the VD group were performed separately for first-
and second-born twins. Significance testing was done
by chi-squared tests. Logistic regression was used to
calculate the odds ratio (OR) and their 95% confi-
dence intervals (95% CI’s) for the association between
mode of birth delivery and asthma. In a second step,
all models were adjusted for the effects of maternal
age at birth, smoking during pregnancy, current
smoking, breastfeeding, sex, incubator time, and
birthweight. In a second series of analyses, we com-
pared the asthma prevalence between the first- and
second-born twins. As there was a significant interac-
tion between mode of delivery and gestational age for
first-born twins (B = 0.273, df =1, p = .038), the
results are given separately for twins with a gesta-
tional age of more than 36 weeks or less than 36
weeks. Significance testing was done by the McNemar
chi-squared test to take into account the dependency
within pairs.
Results
Table 1 shows the characteristics of mothers and twin
offspring born after CS or VD. Twins born after CS had
a shorter gestational age, older mothers, fewer older
siblings, were less often been breast fed, stayed for a
longer period in the incubator, and had a birthweight of
2000 gram or less more often than twins born by VD.
Because these variables may act as possible con-
founders, they were included in the multivariate
models. The relationship between these confounders
and asthma is described elsewhere in this issue (van
Beijsterveldt & Boomsma, 2008).
In Table 2 the association between mode of birth
delivery and asthma is given. For the pregnancies of
37 weeks or longer, first-born CS children had an
increased risk for asthma in comparison to first-born
VD children (OR = 1.46, p < .01). The effect remained
significant after adjustment for confounding factors
(OR = 1.59, p < .01). In contrast, for first-born twins
of gestational age less than 37 weeks (OR = 0.96,
p = .754), and for second-born twins of any gesta-
tional age, there was no difference in asthma
prevalence between the CS and VD group.
We used McNemar chi-squared tests to test the
prevalence differences between first- and second-born
Table 1
Child and Maternal Characteristics for Vaginal Deliveries (VD) and
Caesarean Section (CS); Results (p values) of Chi-Squared Tests of the
Comparisons of Child and Maternal Characteristics Between the VD
and CS Groups
VD CS p
% %
Gestational age
> = 37 weeks 62.0 58.6
> 32 weeks and < 37 weeks 31.5 33.7
< = 32 weeks 6.5 7.7 < .01
Maternal age
< 30 years 38.4 36.1
< = 30 and <34 years 38.7 37.2
> = 34 years 22.9 26.7 < .01
Smoking during pregnancy (mother)
No 79.7 79.9
Yes 20.3 20.1 .795
Current smoking parent
No 60.6 60.9
Yes 39.4 39.1 .762
Older siblings
No 41.8 65.7
Yes 58.2 34.3 < .01
Breastfeeding
No 43.4 45.3
1–6 weeks 25.3 27.8
6 weeks–6 months 22.5 20.8
> 6 months 8.7 6.1 < .01
Sex
Boy 48.5 48.6
Girl 51.5 51.4 .868
Incubator time
No 60.6 44.8
0.1–7days 22.1 32.1
8–14 days 8.3 9.4
>14 days 8.9 13.7 < .01
Birthweight 
> = 2000 gram 15.2 20.8
< 2000 gram 84.8 79.2 < .01
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twins born (data not shown). No significant differ-
ences in asthma were found between the first- and
second-born VD twins, χ²(1) = 0.350; p = .554, but a
significant difference was found between the first and
second born twins both born after CS, χ²(1) = 5.786;
p = .016. Among twins born at term by CS, second-
born twins had a lower prevalence of asthma
compared to their first-born cotwins.
Discussion
The main purpose of this study was to examine the
association between mode of birth delivery and
asthma in a large sample of young twin pairs. The
data show that twins born by CS had a higher risk of
developing asthma compared to twins born VD.
However, this difference was only observed for first-
born twins born at term. In addition, among twins
born by CS at term, second-born twins had a lower
risk of developing asthma in comparison to first-born
twins. For twins delivered after VD, no difference in
asthma prevalence between first- and second-born
children was seen.
The increased risk of asthma for first-born twins
born by CS is consistent with results of some non-
twin studies that examined the risk of asthma and
related conditions among children born by CS
(Hakansson & Kallen, 2003; Kero et al., 2002; Salam
et al., 2006). However, many methodological issues
play a role in the interpretation of the results. Results
may be biased by factors related to the sample, mater-
nal and birth characteristics, and by the classification
of the asthma and allergic conditions. For example,
Juhn et al. (2005) performed a longitudinal study and
compared the rate of asthma between children born
by CS and VD during the first 7 years of life, and
found that the relationship between mode of delivery
and asthma varied over time. They observed an effect
of CS on asthma only during the first year of life. The
inclusion of preterm infants may bias the association
between mode of delivery and asthma because prema-
turity itself may be a risk factor for asthma. Debley et
al. (2005) reported a significant association between
CS and asthma hospitalization only in premature
infants. Maternal asthma history could be another
important confounder, as mothers with asthma more
often require CS. Thus, the association between CS
and asthma could be due to a genetic disposition 
for asthma.
In our study, CS births were associated with a
smaller gestational age, older age of mother at birth,
fewer older siblings, less breastfeeding, longer incuba-
tor time, and lower birthweight. Because these factors
are associated with an increased risk for developing
asthma, they are potential confounders for the associ-
ation between CS and asthma. However, in the
multivariate analyses that included these risk factors,
we still observed a significant association between CS
and asthma for first-born twins.
A limitation of this study is that we relied upon
parent report of asthma and not on clinical assess-
ment, which is less reliable. Also, we assessed asthma
status at a relatively early age (5 years) when misclas-
sification of asthma may be greater than it is in older
children (Martinez et al., 1995). However, the advan-
tage of the use of parental report is that asthma can be
assessed in a large general population sample of twins.
In comparison with studies in singletons, the use 
of twin pairs provides additional opportunities for
testing the association between mode of delivery and
asthma. For example, we could examine the associa-
tion between mode of delivery and asthma in both
first- and second-born twins, which may clarify the
role of vaginal contact in the association between CS
and asthma. An important assumption that we have
Table 2
Relation Between Asthma and Mode of Birth Delivery for Term and Preterm Twins
VD % Asthma % CS % Asthma % Odds ratio Adjusted odds
no asthma no asthma (95%CI) ratio (95%CI)
Gestational age > = 37 weeks
First-born
Asthma at age 5 2419 92.5 195 7.5 1083 89.4 128 10.6 1.46 (1.16–1.85) 1.59 (1.23–2.06)
Second-born
Asthma at age 5 1866 91.6 171 8.4 1182 91.9 104 9.1 0.96 (0.74–1.24) 0.91 (0.69 -1.19)
Gestational age > = 37 weeks and > 32 weeks
First-born 
Asthma at age 5 1205 88.8 152 11.2 556 89.8 63 10.2 0.89 (0.66–1.23) 0.95 (0.68–1.31)
Second-born
Asthma at age 5 896 89 111 11.0 619 89.8 70 10.2 0.91 (0.66–1.25) 0.92 (0.66–1.29)
Gestational age < = 32 weeks
First-born
Asthma at age 5 254 83.8 49 16.2 125 84.5 23 15.5 0.95 (0.56–1.64) 0.88 (0.50–1.54)
Second-born
Asthma at age 5 153 82.3 33 17.7 135 81.3 31 18.7 1.06 (0.62–1.83) 1.07 (0.61–1.90)
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made is that second-born twins have less exposure to
maternal vaginal flora than first-born twins. For
second-born twins with a gestational age of 37 weeks
or more, the prevalence of asthma was slightly higher
in the CS group (9.1%) than in the VD group (8.4%),
but this difference was not significant. For first-born
twins, the asthma prevalence in the CS group was also
higher (10.6%) than in the VD group (7.5%) and in
this group the difference was significant. In the VD
group, the prevalence of asthma was lower in first-
than in second-born twins (7.5 vs. 8.4%), but this dif-
ference was not significant. Thus, the prevalence of
asthma decreased with the extent of vaginal contact,
but these prevalence differences were not significant.
Therefore, it is uncertain whether the amount of
contact with the maternal vaginal flora explains the
association between CS and asthma.
The underlying mechanism for the association
between asthma and CS is unclear. One of the expla-
nations is the role of the intestinal flora in the
development of the immune system (Björksten et al.,
1999; Kalliomaki et al., 2001). Björksten et al. (1999)
found that the composition of the intestinal microflora
differed between allergic and nonallergic infants. In
addition, there is evidence that the colonization of the
intestinal flora is delayed in children born after CS
compared to those born by vaginal delivery (VD)
(Gronlund et al.,1999; Hallstrom et al., 2004; Ly et
al., 2006). The differences in intestinal flora between
CS and VD infants may be explained by differences in
contact with the maternal vaginal flora during birth
delivery (Ly et al., 2006).
Our results are compatible with this hypothesis,
however there are complexities that require further
exploration (for example, no difference in risk of
asthma between first and second born twins both born
by VD). Future research should assess microbacterial
faeces in twins born after CS and VD.
Acknowledgments
Supported by Spinozapremie NWO/SPI 56-464-
14192; CMSB (Center for Medical Systems Biology):
NWO Genomics; Twin–family database for behavior
genetics and genomics studies. NWO-MagW 480-04-
004; Developmental Study of Attention Problems in
Young Twins (NIMH, RO1 MH58799-03)
References
Bartels, M., van Beijsterveldt, C. E., Derks, E. M., Stroet,
T. M., Polderman, T. J., Hudziak, J. J., & Boomsma,
D. I. (2007). Young Netherlands Twin Register (Y-
NTR): A longitudinal multiple informant study of
problem behavior. Twin Research and Human
Genetics, 10, 3–11.
Björkstén, B., Naaber, P., Sepp, E., & Mikelsaar, M.
(1999). The intestinal microflora in allergic Estonian
and Swedish 2-year-old children. Clinical and
Experimental Allergy, 29, 342–346.
Boomsma, D. I., Vink, J. M., van Beijsterveldt, T. C., de
Geus, E. J., Beem, A. L., Mulder, E. J., Derks, E. M.,
Riese, H., Willemsen, G. A., Bartels, M., van den
Berg, M., Kupper, N. H., Polderman, T. J., Posthuma,
D., Rietveld, M. J., Stubbe, J. H., Knol, L. I., Stroet,
T., & van Baal, G. C. (2002). Netherlands Twin
Register: A focus on longitudinal research. Twin
Research, 5, 401–406.
Boomsma, D. I., de Geus, E. J., Vink, J. M., Stubbe, J. H.,
Distel, M. A., Hottenga, J. J., Posthuma, D.,
van Beijersterveldt, T. C., Hudziak, J. J., Bartels, M.,
& Willemsen, G. (2006). Netherlands Twin Register:
From twins to twin families. Twin Research and
Human Genetics, 9, 849–857.
Debley, J. S., Smith, J. M., Redding, G. J., & Critchlow,
C. W. (2005). Childhood asthma hospitalization risk
after cesarean delivery in former term and premature
infants. Annals of Allergy, 94, 228–233.
Goedert, J. J., Duliege, A. M., Amos, C. I., Felton, S., &
Biggar, R. J. (1991). High risk of HIV-1 infection for
first-born twins. The international registry of HIV-
exposed twins. Lancet, 338, 1471–1465.
Gronlund, M., Lehtonen, P., Eerola, E., & Kero, P.
(1999). Faecal microflora in healthy infants born by
different methods of delivery: Permanent changes in
intestinal flora after cesarean delivery. Journal of
Pediatric Gastroenterology and Nutrition, 28, 19–25.
Hakansson, S., & Kallen, K. (2003). Caesarean section
increases the risk of hospital care in childhood for
asthma and gastroenteritis. Clinical and Experimental
Allergy, 33, 757–764.
Hallstrom, M., Eerola, E., Vuento, R., Janas, M., &
Tammela, O. (2004). Effects of mode of delivery and
necrotising enterocolitis on the intestinal microflora in
preterm infants. European Journal of Clinical Micro -
biology and Infectious Diseases, 23, 463–470.
Juhn, Y. J., Weaver, A., Katusic, S., & Yunginger, J.
(2005). Mode of delivery at birth and development of
asthma: A population-based cohort study. Journal of
Allergy and Clinical Immunology, 116, 510–516.
Kalliomaki, M., Kirjavainen, P., Eerola, E., Kero, P.,
Salaminen, S., & Isolauri, E. (2001). Distinct patterns
of neonatal gut microflora in infants in whom atopy
was and was not developing. Journal of Allergy and
Clinical Immunology, 107, 129–134.
Kero, J., Gissler, M., Gronlund, M. M., Kero, P.,
Koskinen, P., Hemminki, E., & Isolauri, E. (2002).
Mode of delivery and asthma — Is there a connection?
Pediatric Research, 52, 6–11.
Laubereau, B., Filipiak-Pittroff, B., von Berg, A., Grubl,
A., Reinhardt, D., Wichmann, H. E., & Koletzko, S.,
& GINI Study Group. (2004). Caesarean section and
gastrointestinal symptoms, atopic dermatitis, and sen-
sitisation during the first year of life. Archives of
Disease in Childhood, 89, 993–997.
Ly, N. P., Ruiz-Perez, B., Onderdonk, A. B., Tzianabos, A.
O., Litonjua, A. A., Liang, C., Laskey, D., Delany, M.
160 Twin Research and Human Genetics April 2008
Toos C. E. M. van Beijsterveldt and Dorret I. Boomsma
L., DuBois, A. M., Levy, H., Gold, D. R., Ryan, L. M.,
Weiss, S. T., & Celedon, J. C. (2006). Mode of deliv-
ery and cord blood cytokines: A birth cohort study.
Clinical and Molecular Allergy, 4, 13.
Maitra, A., Sherriff, A., Strachan, D., & Henderson, J.
(2004). Mode of delivery is not associated with
asthma or atopy in childhood. Clinical and
Experimental Allergy, 34, 1349–1355.
Martinez, F. D., Wright, A. L., Taussig, L. M., Holberg,
C. J., Halonen, M., & Morgan, W. J. (1995). Asthma
and wheezing in the first six years of life. The group
health medical associates. New England Journal of
Medicine, 332, 133–138.
McKeever, T. M., Lewis, S. A., Smith, C., & Hubbard, R.
(2002). Mode of delivery and risk of developing allergic
disease. Journal of Allergy and Clinical Immunology,
109, 800–802.
Orlebeke, J. F., Stroet, T., & Boomsma, D. I. (1995).
Breastfeeding and neurological status. Lancet, 345, 393.
Salam, M. T., Margolis, H. G., Mcconnell, R., Mcgregor,
J. A., Avol, E. L., & Gilliland, F. D. (2006). Mode of
delivery is associated with asthma and allergy occur-
rences in children. Annals of Epidemiology, 16,
341–346.
van Beijsterveldt, C. E., & Boomsma, D. I. (2007).
Genetics of parentally reported asthma, eczema and
rhinitis in 5-yr-old twins. European Respiratory
Journal, 29, 516–521.
van Beijsterveldt, C. E., & Boomsma, D. I. (2008). 
An exploration of gene-environment interaction and
asthma in a large sample of 5-year-old Dutch twins.
Twin Research and Human Genetics, 11, 143–149.
Werner, A., Ramlau-Hansen, C. H., Jeppesen, S. K.,
Thulstrup, A. M., & Olsen, J. (2007). Caesarean
delivery and risk of developing asthma in the off-
spring. Acta Paediatric, 96, 595–596.
Xu, B., Pekkanen, J., Hartikainen, A. L., & Jarvelin, M.
R. (2001). Caesarean section and risk of asthma and
allergy in adulthood. Journal of Allergy and Clinical
Immunology, 107, 732–733.
